
Figure 6 compares the di�erent unblocking techniques in terms of mean access delay for di�erent

loads. We note that unblocking techniques 1-3 give lower access delay for higher o�er loads than

Method 4.

5 Conclusion

This paper focuses on the �rst transmission rule or channel unblocking. We compare techniques for

control l ing the admittance of newpackets into the systemin terms of col l i sionmultipl ici ty andmean

access delay. Simulationresults showthat col l i sionmultipl ici tyandaccess delayvalues canbe reduced

for higher loads using the range control parameter R computed at the headend. Also, we showthere

maybe several techniques to compute R andmost help improve MAC performance.

Appendi x

The MACmodel described in section 2 was implemented using the network simulation tool OPNET
1. Simulationparameters are set as fol lows. The network consists of 200 stations evenly spaced, and

located at a distance fromthe headend between 25 kmand 200 km. The upstreamand downstream

propagationdelays are set to 5� s/km. The data rate used is 3 Mbits/s. The size of the data slot i s

set to 64 bytes, whi le the size of the minislot i s set to 16 bytes, so that 4 CS can �t in a DS. CS are

grouped at the beginning of the frame. The frame size i s adjusted to 3.072ms in order to �t up to a

maximumof 18 DS(or 72CS). The maximumrequest size i s set to 32. The tra�c type used is de�ned

as fol lows. Messages are 48-bytes long and are generated according to a Poisson distribution with a

meanarrival rate of �, where � varies according to the tra�c load.
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As anticipatedthe col l i sionmultipl ici ty i s worse as the load increases up to 75% (Figure 1-4). Method

1 is the most e�ective in reducing the tai l of the col l i sionmultipl ici tydistribution.
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We note that the maximumnumber of stations col l ided in a slot inFigure 1-4, for Method1 is 13.

Method4 has the worst results withcol l i sionmultipl ici tyvalues up to 110 (Figure 3). Col l i sionmulti-

pl ici ty results are summarized inFigure 5, where we plot the 95 percenti le of the col l i sionmultipl ici ty

for di�erent load percentages. Method 1 gives better results than Method 2, 3, and 4 in this order.

However, i t i s important to observe fromthis measurement, that the number of stations involved in a

col l i sionis always kept between5-21. Thus the gain incol l i sionmultiplici tymaynot justi fy the added

complexity as we go fromMethod 4, to 1.
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at the 40%-75%o�ered loadrange, since this i s the most signi�cant range for col l i sionmeasurements.

Outside this range, there are very fewcol l i sions (due to ei ther underloaded or overloaded network

conditions). Note that col l i sions drop in overloaded channels because stations are able to request for

multiple packets.
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Method 3 i s simply:

R(j + 1) = maxf3;MS(j +1)g (3)

whi leMe t h o d 4 sets R to the number of avai lable contentionslots in the frame:

R(j +1) =MS (j +1) (4)

4 Resul ts

The four di�erent unblocking techniques presented in the previous section are implemented in the

headendmodule and simulationresults using the MACmodel described in section 2 are obtained.
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Figure 1-4, showthe col l i sionmultipl ici ty frequency (as a percentage of the whole col l i sionsample) for

di�erent o�ered loads (represented as percentages of the total upstreamchannel capacity). We look

3



2 MACModel

We design a generic MACmodel in order to study di�erent unblocking techniques for newpacket

arrivals. We briey describe some of the assumptions used in the experimental work. The simulation

parameters including tra�c types and test scenarios are given in the appendix.

The upstreamframes are divided into a sequence of ContentionSlots (CS) and Data Slots (DS).

Data tra�c is carried via ATMcel l s. Data packets generated at the stations are segmented into 48-

byte chunks and encapsulated in 53-byte ATMcel l s. EachDS can carry one ATMcel l . CSs are used

for bandwidth request in contentionmode. The size of the CS and DS is chosen so that an integer

number of CSs is accommodated inaDS. The ratio of CS/DSis variable fromone frame to another by

a mechanismimplementedat the headend. In our tests, this ratio i s variedaccording to an estimated

col l i sion factor and the number of DS requests queued at the headend.

The basic MACoperation is as fol lows. When a station has data to transmit, i t waits at least

unti l the beginning of the next upstreamframe in order to send a request in a CS. Then, the station

waits for feedback information about col l i sion status and al location of DS contained in downstream

control messages. In our experiments, we assume that the downstreamcarries feedback information

fromthe headend to the stations with no transmission delay and no bandwidth l imitations. In case

of col l i sion, the station implements the ternary-tree blocking algori thmto resolve i t. Otherwise, the

station is granteda DS sometime in the future to send its data.

3 Newcomers Unbl ocki ng Techni ques

The principle of the ternary-tree contention resolution [1, 2, 3, 4] algori thm, is that when a col l i sion

occurs, al l the stations involvedin this col l i sionspl i t into 3 subsets, each randomlyselecting a number

between 1 and 3. The basic idea is to al lowdi�erent subsets to resolve their col l i sions sequential ly.

Thus, for eachcol l idedslot in frame j , 3 slots are reserved for stations retransmissions inframe (j +1).

If the frame contains less contention slots than needed for resolving col l i sions, the groups of stations

corresponding to the unavai lable contentionslots wait unti l additional slots become avai lable. Simi larly,

stations transmitting requests for the �rst time (or newcomers), wait unti l contention slots become

available ina frame. Only those contentionslots that are not reserved for col l i sionresolution are open

for newcomers. This feature of the ternary-tree algori thmis cal led "blocking".

Acareful reviewof the ternary-tree blocking mechanismreveals that whi le col l i sions are resolved

quickly [5] (relatively lowmeanaccess delayanddelayvariance), a rather large number of newcomers

maysend requests simultaneouslyonce al l previous col l i sions have been resolvedandthe channel open

for newcontentions or "unblocked". This causes the col l i sionmultipl ici tyfactor to increase signi�cantly

especial ly for high load si tuations leading to undesi red laser cl ipping e�ects [6] .

Inorder to correct this behavior, a parameter R, computedat the headend, i s introducedto control

�rst transmissions or channel unblocking [7, 8] . R i s the range over whicheach station can randomly

select a slot for contention. If the randomnumber chosenis greater thanthe total number of contention

slots avai lable for newcomers, the station has to repeat this process next cycle time. Otherwise the

station sends i ts request in the selected contentionslot number. Here, we examine four techniques for

computingR withvarious degrees of complexity.

Me t h o d 1 [7] consi sts of the fol lowing:

R(j +1) =ma x fmin[n ; R(j )�MS (j ) +col(j ) �
(e �1)

(e �2)
+
MS (j )

e
] ; MS (j +1)g (1)

where n i s the number of stations, MS (j ) i s the number of contentionminislots in the j th frame, and

c o l (j ) i s the number of col l idedminislots in the j th frame.

Me t h o d 2 computes R according to:

R(j +1) =mi n fma x [MS (j +1); � �RQ(j +1)] ; n g (2)

where RQ i s the length of the request queue at the headend, and� =1:9.
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Abst ract

The mai n funct i onali t y of a Medi umAccess Control (MAC) l ayer protocol f or a bi di rect i onal Cabl e

TV network usi ng a Hybri d Fi ber Coaxi al (HFC) technol ogy, i s to cont rol the access of the vari ous

nodes on to the shared medi um. Current l y, MACspeci �cat i ons are bei ng draf t ed by the IEEE 802. 14

(Cabl e TV) worki ng group.

The goal of thi s paper i s to examine gi ven the ternary-t ree bl ocki ng al gori thmf or resol vi ng col l i -

si ons, pol i ci es enf orced by the headend f or admi t t i ng new tra�c on the shared medi um. We eval uate

di �erent t echni ques f or "unbl ocki ng" new backl ogged t ra�c af t er col l i si ons are resol ved. Perf ormance

i s measured i n terms of the mean access del ay and the packet col l i si on mul t i pl i ci t y. Simul at i on resul t s

f or con�gurat i ons of i nterest are al so presented.

1 Introduct i on

The emergence of the Hybrid Fiber Coaxial (HFC) technology has a signi�cant impact on already

deployedCable TV networks. As more bandwidthbecomes avai lable, cable networkoperators are able

to add newservices such as video on demand, interactive computer games and video telephony to

televisionbroadcast. In order to al lowvarious nodes to share resources in a multiaccess environment,

newstandards, namely a MediumAccess Control (MAC) layer layer protocol , are needed. The MAC

protocol i s implementedat the root (or headend) andat eachof the cable networknodes (or stations)

in order to control the upstream(fromthe stations to the headend) and the downstream(fromthe

headend to the stations) transmissions. The IEEE802.14 working group has been formed to develop

MACspeci�cations for HFCnetworks.

So far the grouphas agreedonvarious MACde�ning characteri stics suchas, frame format, station

addressing, timingandsynchronizationprocedures, andthe ternary-tree mechanismtoresolve col l i sions

resulting fromtwo or more stations transmitting at the same time. Before the group's activi ties are

over, i t i s expected that the standard include a complete behavioral description for the station along

with the detai l s on the type and contents of the messages exchanged between the headend and the

station. Whi le most of the headend functional i tywith respect to the stationwi l l al so be ful ly de�ned,

detai l s in the headend unit on howto al locate bandwidth, grant station's requests, and block new

packets fromentering the networkwi l l be implementationdependent.

In this paper we focus on the issue of admitting newpackets in the systemgiven the ternary-

tree blocking algori thmfor resolving col l i sions. Our goal i s to study the e�ect of di�erent unblocking

techniques on the MACperformance, andmore speci�cal ly on the number of stations col l iding in the

same slot or col l i sionmultipl ici ty.

The rest of the paper i s structured as fol lows. Section 2 presents the MACmodel used in the

simulations. Sections 3 and 4 describe the rules for unblocking newcomers and the experimental

results respectively. Aconclusion is o�ered in Section 5. Simulation assumptions and parameters are

given in the appendix.


